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SPECIFICATION 

1. Title of the Invention 

Distortion Correction Method for Scanning Type Exposure 
Apparatus 

2. Claims 

(1) A distortion correction method for a scanning type 
exposure apparatus of the type which is equipped with a mask 
and in which exposure is effected by scanning the entire 
area while exposing part of an exposure area, wherein, after 
initial positioning of the mask and a substrate, the 
positions of the mask and the substrate are deviated 
relative to each other in a fixed displacement pattern by a 
fine feeding mechanism while performing exposure scanning in 
accordance with predetermined scanning procedures. 

(2) A distortion correction method for a scanning type 
exposure apparatus of the type which is equipped with a mask 
and in which exposure is effected by scanning the entire 
area while exposing part of an exposure area, wherein, after 
initial positioning of the mask and a substrate, the 
positions of the mask and the substrate are deviated 
relative to each other in a fixed displacement pattern by a 
fine feeding mechanism while performing exposure scanning in 
accordance with predetermined scanning procedures, and 
wherein the positional deviation between the mask and the 
substrate is measured at a plurality of positions in the 
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exposure scanning direction, and, while performing exposure 
scanning i naccordance with the measurement resu lts, the 
positions of the mask and the substrate are devi ated 
relative to each other in accordance with the scanning 
position by the fine feeding mechanism. 
(3) A distortion correction method for a scanning type 
exposure apparatus according to Claim 2, wherein, while 
performing the scanning for exposure, the positional 
: deviation between the mask and the substrate is measured, 

and, in accordance with the measurement results, the 
positions of the mask and the substrate are deviated 
relative to each other by the fine feeding mechanism. 
3, Detailed Description of the Invention 
Industrial Field of the Invention 
The present invention relates to a distortion 
correction method for a reflection type projection exposure 
apparatus used in semiconductor production processes, etc. 
Description of the Related Art 

Nowadays, the distortion correction for the reflection 
type projection exposure apparatus is conducted through air 
pressure control of the linear air bearing for exposure 
scanning. 

An example of a conventional distortion correcting 
device for the above conventional scanning type exposure 
apparatus will now be described with reference to the 



drawings. Figs. 4 and 5 show the essential part of a 
conventional reflection type projection exposure apparatus. 
In Figs. 4 and 5, numeral 1 indicates a concave mirror; 
numeral 2 indicates a convex mirror; numeral 3 indicates a 
trapezoidal mirror having two plane mirrors ; numeral 4 
indicates a mask; numeral 5 indicates a substrate to be 
exposed; numeral 6 indicates a scanning frame which holds 
the mask 4 and the substrate 5 parallel to each other and 
which performs scanning parallel to the optical axis 7 of 
the exposure optical system 7; numeral 8 indicates an 
alignment optical system for measuring positional deviation 
between the mask 4 and the substrate 5; and numeral 9 
indicates an arcuate exposure area. Numerals 10 and 11 
indicate guide rails for the scanning frame 6; numerals 12 
and 13 indicate linear air bearings for the scanning frame 
6; numerals 14 and 15 indicate air ports for vertical 
control of the same; and numeral 16 indicates an air port 
for horizontal control of the same. 

The operation of the distortion correction device for a 
reflection type projection exposure apparatus, constructed 
as described above, will now be described with reference to 
Figs. 6 and 7. 

Generally speaking, a reflection type projection 
exposure apparatus involves scaling error distortion in the 
scanning direction as shown in Fig. 7a (before correction) 
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due to vertical bending of the guide rails 10 and 11 as 
shown in Fig. 6a, and squareness error distortion as shown 
in Fig. 7b (before correction) due to parallelism error of 
the optical axis 7 and the scanning direction. To correct 
scaling error in the scanning direction, the pressure P of 
the air supplied to the vertical control air ports 14 and 15 
of the linear air bearings 12 and 13 is controlled in 
accordance with the position of the scanning frame 6 as 
shown in Fig. 6c, and, as shown in Fig. 6b , the air bearings 
12 and 13 are scanned in parallel with the optical axis 7. 
Similarly, to correct squareness error, the pressure of the 
air supplied to the horizontal control air port 16 of the 
linear air bearing 13 is controlled in accordance with the 
position of the scanning frame 6, and the scanning frame 6 
is scanned in parallel with the optical axis 7. 
Problems to be Solved by the Invention 
The distortion correction device of the above 
construction only serves to eliminate scanning error of the 
scanning frame 6 with respect to the optical axis 7 to 
effect perfect projection exposure without any distortion. 
If, by using this function, the even distortion of the 
substrate pattern due to heat treatment, etc. can be 
corrected, the adjustment of the correction amount is 
conducted by using a devoted test mask and the substrate to 
perform alignment test or test exposure, which requires much 



time and effort, and the correction cannot be effected 
automatically for each substrate lot or each substrate in 
accordance with the distortion of the substrate. Further, a 
mechanism for controlling the supply air pressure of the air 
bearing is required. Further, since the gap of the air 
bearing is increased and decreased, the adjustment is 
normally restricted to a range as small as 1 Jim or less. 

The present invention has been made in view of the 
above problems in the prior art. It is an object of the 
present invention to provide a distortion correction method 
for a scanning type exposure apparatus which corrects any 
error in the apparatus and which facilitates the correction 
even in the case of an uneven distortion due to heat 
treatment of the substrate, etc. 

Means for Solving the Problems 

To achieve the above object, there is provided, in 
accordance with the present invention, a distortion 
correction method for a scanning type exposure apparatus 
wherein, after the initial positioning of the mask and the 
substrate, the positional relationship between the mask and 
the substrate is deviated relative to each other by using a 
fine feeding mechanism for the mask or the substrate in 
accordance with the scanning position while performing 
exposure scanning. Further, to determine the positional 
deviation amount, the measurement of amount of positional 
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deviation due to distortion is effected beforehand at a 
plurality of positions in the scanning direction, or 
correction is effected simultaneously with the measurement 
of positional deviation amount while effecting exposure. 
Operation 

In accordance with the present invention, constructed 
as described above, it is not only possible to correct 
distortion due to apparatus error, but also to effect 
correction in the case of an uneven distortion of the 
substrate by deviating the positional relationship between 
the mask and the substrate while effecting exposure 
scanning . 

Embodiment 

* 

An embodiment of the distortion correction method for a 
scanning type exposure apparatus of the present invention 
will now be described with reference to the drawings. 

Fig. 1 is a longitudinal sectional view showing a 
distortion correction device for a scanning type exposure 
apparatus in accordance with and embodiment of the present 
invention; and Fig. 2 is a bottom plan view of the same. 

In Figs. 1 and 2, numeral 21 indicates a concave 
mirror; numeral 22 indicates a convex mirror; numeral 23 
indicates a trapezoidal mirror having two plane mirrors; 
numeral 24 indicates a mask; numeral 25 indicates a 
substrate to be exposed; numeral 26 indicates a scanning 



frame for performing scanning while holding the mask 24 and 
the substrate 24 in parallel with the optical axis 27 of the 
exposure optical system; numeral 28 indicates a an alignment 
optical system for measuring any positional deviation of the 
mask 24 and the substrate 25; and numeral 29 indicates an 
arcuate exposure area. Numerals 3 0 and 31 indicate guide 
rails for the scanning frame 26; and numerals 32 and 33 
indicate linear air bearings for the scanning frame 26. 
Numeral 34 indicates a fine feeding mechanism. Three 
rollers 36, 37 and 38 are mounted to a movable frame 35, 
which is suspended by a spring (not shown) below the 
scanning frame 26 through steel balls 39, the substrate 25 
being vacuum-attached to the lower surface of the movable 
frame 35. Numerals 40, 41 and 42 indicate pulse motors, 
which are respectively adapted to slide wedges 46, 47 and 48 
by ball screws 43, 44 and 45. The rollers 3 6, 37 and 3 8 are 
pressed against the wedges 46, 47 and 48 by springs- 49.. By 
the operation of the motors 40, 41 and 42, the mask 25 can 
be finely displaced in the x, y and B-directions shown in 

Fig. 2. Numeral 50 indicates a linear scale for detecting 
the scanning position of the scanning frame 26, and numeral 
51 indicates the detector thereof. Numeral 52 indicates an 
alignment optical system provided on the back side of the 
substrate 25. When the substrate 25 is transmissive to 
light, any positional deviation of the substrate 25 with 
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respect to the mask 24 can be observed. 

The operation of the distortion correction device for a 
scanning type projection exposure apparatus, constructed as 
described above, will now be described with reference to 
Fig. 3. Fig. 3 shows in detail the substrate 25 of Fig. 2. 
The cross marks indicated by numerals 53a, 53b, 53c, 54a, 
54b and 54c are alignment marks imparted by machining to the 
substrate 25 in pre-process. The cross marks indicated by 
numerals 55a, 55b, 55c, 56a, 56b and 56c are projections of 
the alignment marks of the mask 24 projected onto the 
substrate 25 by the projection optical system. Prior to 
exposure scanning, the scanning frame 26 is moved to set the 
exposure area 29 to position A, and the alignment marks 53a 
and 54a of the substrate are positioned at the center by the 
substrate fine feeding mechanism with respect to the 
alignment marks 55a and 56a observed and projected by the 
alignment optical system 52 or 28. 

Next, the scanning frame 26 is moved to set the 
exposure area 29 to position B, and observation is effected 
by the alignment optical system 52 or 28 to measure 
positional deviations xb and yb of the projected mask 

alignment marks 55b and 56b with respect to the alignment 
marks 53b and 54b of the substrate. Next, the scanning 
frame 26 is similarly moved to measure the positional 
deviation amounts x c and yc at position c. The positional 
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deviation amount xb * x c corresponds to the distortion of the 
scaling error in the scanning direction, and yb * Yc 
corresponds to the distortion of the squareness error. 

To correct this distortion duri ng actua l exposure 
scanning, the substrate is finely fed by the fine feeding 
mechanism 34 by x = xb x 1/lb in the x-direction and y = yb 
x 1/lb ^ n y-direction for the section A - B, and, for 

the section B - C, the substrate is finely fed by x = (x c - 
xb) x (1 - lb)/dc " lb) i n the x-direction and y = (y c - 
yb) x (1 - lb)/dc ~ lb) in the y-direction for correction, 
in accordance with the scanning distance 1 from position A 
of Fig. 3 detected from the scales 50 and 51 mounted to the 
scanning frame 26. The fine movement is preferably a 
continuous feed. However, a minimum step feed is also 
possible. Further, while the formula of correction amount 
is given in linear interpolation, it is also possible to 
give it in curvilinear interpolation or give a correction 
amount through statistic processing by augmenting the number 
of places where positional deviation measurement is 
effected. This correction amount is stored in the storage 
device of the exposure apparatus as a value inherent in the 
exposure apparatus or the substrate and used when performing 
the same correction when exposing the next substrate. 

As described above, in accordance with this embodiment, 
any distortion is corrected by deviating the positions of 
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the mask and the substrate relative to each other in an 
optimum displacement pattern determined by measurement 
conducted beforehand by a fine feed mechanism for the mask 
or the substrate while performing exposure scanning, so that 
no special correction mechanism is required and a large 
correction range is given. 

A second embodiment of the present invention will now 
be described. In this embodiment, the scanning frame 26 is 
moved to a plurality of positions immediately before 
exposure and the amount of positional deviation of the mask 
and the substrate is measured by the alignment optical 
system to determine an optimum distortion correction amount 
for each substrate, effecting correction during exposure 
scanning in the same manner as in the first embodiment. As 
described above, the positional deviation amount of the 
alig nment mark is m easured at a plurality of positions on 
the substrate prior to exposure, and an optimum distortion 
correction is effecte d by the fine feed mechanism, whereby 
the distortion peculiar to each substrate can be easily 
corrected. 

A third embodiment of the present invention will now be 
described. In this embodiment, an alignment optical system 
is used which does not intercept the exposure illumination 
as in the case of the alignment optical system 52 for a 
transparent substrate from the back side, and the initial 



substrate alignment mark A of Fig. 3 is matched with the 
projected mask alignment mark, and then the positional 
deviation amount of a large number of alignment marks is 
observed by a television camera with image memory or the 
like mounted to the alignment optical system 52 while 
performing exposure scanning to determine the distortion 
correction amount, the correction being effected by the fine 
feed mechanism 34 for the mask or the substrate. Since the 
correction can be effected while performing exposure 
scanning, there is no need to perform positional deviation 
amount observation at a plurality of positions prior to 
exposure, whereby an improvement is achieved in terms of the 
efficiency of the exposure apparatus. 
Advantages 

As described above, in accordance with the present 
invention, there is provided a distortion correction method 
for a scanning type exposure apparatus, wherein, after the 
initial positioning of the mask and the substrate, the 
positions of the mask and the substrate are deviated 
relative to each other by a fine feed mechanism to thereby 
effect distortion correction, whereby it is not only 
possible to correct any error in the apparatus, but the 
distortion correction is easily effected in the case of 
distortion of the individual substrates, thereby providing 
an economical exposure apparatus which is highly efficient 



and which does not need the provision of any special 

correction mechanism. 

4. Brief Description of the Drawings 

Fig. 1 is a longitudinal sectional view of a scanning 
type exposure apparatus in accordance with the first 
embodiment of the present invention; Fig. 2 is a bottom plan 
view of Fig. 1; Fig. 3 is a diagram illustrating distortion 
in a scanning type exposure apparatus; Fig. 4 is a 
longitudinal sectional view of a conventional reflection 
type projection exposure apparatus; Fig. 5 is a top plan 
view. of Fig. 4; Fig. 6 is a diagram illustrating the 
principle on which distortion correction is effected in the 
apparatus of Fig. 4; and Fig. 7 is a diagram illustrating 
distortion correction. 

21 concave mirror, 22 convex mirror, 23 trapezoidal 

mirror, 24 mask, 25 substrate, 26 scanning frame, 30, 

31 guide rail, 32, 33 linear air bearing, 34 fine feed 

mechanism. 



